Background: Many extant male animals exhibit exaggerated body parts for display, defense or offence in sexual selection, such as male birds of paradise showing off colorful and elegant feathers and male moose and reindeers bearing large structured antlers. For insects, male rhinoceros and stag beetles have huge horn-like structure for fighting and competition and some male Leptopanorpa scorpionflies have very long abdominal terminal segments for sexual display and competition. Fossil records of insects having exaggerated body parts for sexual display are fairly rare. One example is two male holcorpids with elongate abdominal segments from sixth (A6) to eighth (A8) and enlarged male genitalia from Eocene, suggesting evolution of these characters occurred fairly late.
Introduction
Holcorpidae is an enigmatic and controversial extinct family in Mecoptera, which has been documented and debated since 1878. Scudder placed Holcorpa in the family Panorpidae in 1878, because he considered that the scorpionfly was closely related to Panorpa Linnaeus, 1758 [1] . Since then, the discovery of more fossil specimens with 5-branched M (Media) veins in both the fore-and hind wings (vs. four-branched M veins in all Panorpidae) indicates the genus Holcorpa Scudder, 1878 does not belong to Panorpidae. Carpenter [2] considered it has closest affinities with Old World genera, as its body structure is similar to Neopanorpa and Leptopanorpa (Panorpidae), both of which are restricted to the Old World. Penny [3] and Martynova [4] suggested it should be placed into a separate family. Over years, many authors have subscribed to the view of not considering Holcorpa as a panorpid, and have mentioned the name ''Holcorpidae'' in some cases. It is Willmann [5] who provided a description distinguishing and defining the family as required by article 13 of the International Code of Zoological Nomenclature [6] for family names published after 1930. In 2010, Archibald distinguished Holcorpa from all known Panorpidae by a combination of diagnostic characters: (1) fore-, and hind wing media veins with five branches; (2) abdominal segments 6 (A6) to 8 (A8) elongate (both male, female), with A8 distinctly longest; (3) male: extended, slender dististyli, lacking basal tooth [7] .
Fossil records of the Holcorpidae are fairly rare. Up to date, only one fossil genus Holcorpa with two species Holcorpa maculosa Scudder, 1878 and Holcorpa dillhoffi Archibald, 2010 within this family have been described. The first holotype specimen, H. maculosa, was described by Scudder [1] . The body is poorly preserved, incomplete beyond the eighth abdominal segment. The second specimen (allotype) was collected in 1907, which was identified as a male by Carpenter. The abdomen of the allotype is well preserved: the male genitalia clearly visible, with distinctive enlarged genital bulb and extended pincer-like gonostyli. Both fossils are from the Late Eocene of Florissant, Colorado, USA. The other species is H. dillhoffi from the Ypresian (Early Eocene) McAbee beds of British Columbia, Canada [7] .
Compared to the holotype, the larger size of the allotype was explained by Carpenter [2] as sexual dimorphism by concluding that the holotype is a female, contrary to Scudder's opinion [1, 7] . Based on new data and information from new fossil material of [7] and this study, we believe that the holotype should be considered as sex indeterminate due to lack of preserved terminalia. The sudden narrowing of A8, comparing with A7, is consistent with male specimens in [7] and this study.
Two new mecopterans, Miriholcorpa forcipata gen. et sp. nov. and Fortiholcorpa paradoxa gen. et sp. nov., are described herein. These specimens were collected from the Jiulongshan Formation at Daohugou Village of Ningcheng County in Inner Mongolia, China [8] [9] [10] [11] . Based on M with five branches in both fore-and hind wings; sixth to eighth abdominal segments exceedingly elongate and genitalia enlarged, F. paradoxa gen. et sp. nov. seems to have affinities with Holcorpidae. But, we deem F. paradoxa gen. et sp. nov. as Family Incertae sedis mainly due to significant differences in branching pattern of Media (M) veins in hind wings; length of A8 slightly longer than that of A7 (vs. A8 distinctively longest); and lacking spurs at the terminal part of A6 (vs. two spurs present). We also deem M. forcipata gen. et sp. nov. as Family Incertae sedis, due to uncertainty whether its hind wing has 5-branched M veins.
The age of the Daohugou fossil-bearing beds is considered to be the late Middle Jurassic [12] [13] [14] , ca. 165 Ma, corresponding to the Callovian-Bathonian boundary using a standard international time scale [15] . Daohugou fossil-bearing beds contain abundant exquisite Mecoptera fossils. Until now, many specimens of Pseudopolycentropodidae [16] [17] [18] , Mesopsychidae [16, 19] , Eomeropidae [20] , Bittacidae [21] , Aneuretopsychidae [16, 22, 23] and Cimbrophlebiidae [21, 24] have been reported from this locality.
Materials and Methods

Material
The fossil specimens were collected from the Jiulongshan Formation at Daohugou Village of Ningcheng County in Inner Mongolia, China. All specimens are deposited in the Key Lab of Insect Evolution & Environmental Changes, College of Life Sciences, Capital Normal University, Beijing, China (CNU, Dong Ren, Curator). No specific permits were required for the described field studies.
Methods
The specimens were examined using a Leica MZ12.5 dissecting microscope and illustrated with the aid of a drawing tube attachment or photographs. Photographs of Figs. 1A, B, F, H, Figs. 2F, G and Figs. 3B-D were taken using a Nikon SMZ1000 stereomicroscope. Photographs of Figs. 2A, B were taken using a Nikon D100 digital camera with a Nikkor 105 mm macro lens. Photograph of Fig. 3A was taken using a Nikon D500 digital camera with a Nikkor 105 mm macro lens. The line drawings were drawn by CorelDraw 12.0 and Adobe Photoshop CS5. We use the venational nomenclature of Willmann [5] . For Mecoptera systematics, we follow Willmann's [5, 25] and Willmann & Novokshonov's [26] , except for Orthophlebiiidae and the genus Orthophlebia, which were subsequently revised by Hong & Zhang [27, 28] .
Nomenclatural Acts
The electronic edition of this article conforms to the requirements of the amended International Code of Zoological Nomenclature, and hence the new names contained herein are available under the Code from the electronic edition of this article. This published work and the nomenclatural acts it contains have been registered in Zoobank, the online registration system for the ICZN. The Zoobank LSIDs (Life Science Identifiers) can be resolved and the associated information viewed through any standard web browser by appending the LSID to the prefix ''Http://zoobank.org''. The ISID for this publication is: urn:lsid:-zoobank.org:pub:B2F83E59-492E-4B6C-81B8-59D501B4C301. The electronic edition of this work was published in a journal with an ISSN, and has been archived and is available from the following digital repositories: PubMed Central and LOCKSS. Remarks. This genus has many diagnostic characters of Holcorpidae such as forewing R 1 curving around pterostigma, meeting C on anterior wing margin well before apex, forewing M veins with five branches, abdominal segments 6 (A6) to 8 (A8) elongate with A8 distinctly longest; and male genitalia with gonostyli extended and slender. However, the new genus is different from the type genus Holcorpa of Holcorpidae in branching pattern of forewing M veins and spurs absent at the end of A6. In addition, it is not discernible whether hind wing has 5-branched M veins, or whether dististyli basal tooth is lacking [5, 7] . In Table 1 , the venational characters of fore-and hind wings of this new genus are compared with two species of Holcorpa and three representative male species of genus Orthophlebia in Orthophlebiidae with elongate A6 to A8. This new genus is significantly different from the three representative orthophlebiids. Therefore, due to uncertainty whether hind wing of Miriholcorpa forcipata gen. et sp. nov. has 5-branched M veins, we deem this new genus as Family Incertae sedis, pending future discovery of new fossil specimens with clear hind wing venation. Note that Ohm stated the difference of branching numbers for forewing Rs 1+2 may be a variation within a species [29] .
Results
Systematic Palaeontology
Miriholcorpa forcipata Wang, Shih & Ren sp. nov. (Fig. 1 Thorax. Apparently same as generalized panorpoid morphology. Prothorax, mesothorax and metathorax discernible.
Forewing. Forewing broad, with scattered light spots and fascia, outer margin indistinct, anterior edge slightly convex, apical margin rounded, length ca. 16.6 mm, width ca. 5.5 mm (Figs. 1A-C, D). Sc extremely long, almost reaching midsection of pterostigma. Three costal crossveins present, including humeral vein. R close to Sc in basal part, forking at a quarter of wing. Remarks. Fortiholcorpa gen. nov. has affinities with Holcorpidae: (1) both fore-and hind wings have 5-branched M veins; (2) terminal abdominal segments (A6 to A8) elongate exaggeratedly; and (3) genital bulb enlarged and gonostyli extended. But, the new genus is different from the type genus Holcorpa of Holcorpidae in branching pattern of hind wing M veins, length of A8 slightly longer than that of A7 (vs. A8 distinctively longest); and lacking spurs at the terminal part of A6 (vs. two spurs present). In addition, it is not discernible whether dististyli basal tooth is lacking [5, 7] . Therefore, we deem F. Figs. 2A-C) , length ca. 73.5 mm (from head to genital end), four wings overlapping. Most of abdomen preserved under wings except for terminal segments. A7 and A8 exceedingly elongate.
Head. Antenna filiform, with a short and stout scape, terminal part not discernible. Compound eyes big and oval.
Thorax. Poorly preserved, only mesothorax and metathorax recognizable. Femora, tibiae and tarsi of fore legs partially discernible. Basal part of femora of middle leg distinguishable. Femora of hind legs ca. 3.9 mm.
Forewing. Forewing partly preserved on top of overlapping four wings (Figs. 2A, C, D Abdomen. A6 7.0 mm long, tergal spurs on A6 absent (Fig. 2F ). A7 and A8 exceedingly elongate and slender. A7 21.1 mm long, slightly curved at base, expanded cone-like at distal end; tergite and sternite of A7 fused into a seam line (Figs. 2A, C and F) . A8 21.8 mm long, slightly curved at the middle section.
Genitalia. Preserved in ventral view, genital bulb large. Hypandrium with a pair of hypovalvae discernible, gonocoxite and gonostyli visible (Figs. 2G, H) . Gonostyli elongated pincer-like, length ca. 3.8 mm, broad at base and tapering towards apex, distal part curving inward.
Remarks. The fusion line of tergite and sternite in A7 has been first reported for O. longicauda Willmann et Novokshonov, 1998 [26] . Willmann and Novokshonov found this interesting that this line of fusion is gone in the Panorpidae, although still apparent in the Panorpodidae. Archibald stated that ''In the male specimen of H. maculata, preservation precludes determination of the existence of such a seam, however, in the holotype of H. dillhoffi, this seam is possibly preserved, although, if so, faintly, not with enough clarity for certainty'' [7] . For F. paradoxa gen. et sp. nov., this seam line is distinctly preserved on the fossil and clearly shown (Figs. 2A, C and F) .
Discussion
Compared the two new genera with the type genus Holcorpa of Holcorpidae, there are several different characters: the shape of wings; the branching patterns of forewing M veins for Miriholcorpa gen. nov. and hind wing M veins for Fortiholcorpa gen. nov.; spurs absent at the end of A6 (sixth abdominal segment); and the relative length ratio of A6, A7 and A8. In addition, it is not discernible whether they don't have dististyli basal tooth [5, 7] . Furthermore, it is uncertain whether hind wing of Miriholcorpa gen. nov. has 5-branched M veins. Therefore, we deem these two new genera as Family Incertae sedis, pending future discovery of new fossil specimens with clear preservation of wing venation.
The holcorpid fossils have a unique combination of two characters which can easily separate holcorpids from other mecopterans. The first is a plesiomorphy that vein M with five branches in both fore-and hind wings, which is present in only two other family, Choristopsychidae Martynov, 1937 [30] [34] . Since the degree of elongation and relative lengths of A6, A7 and A8 are different for species in these three families and the two new genera, we summarized comparison data for males in Table 2 . We listed the total lengths of A7-A8, A6-A8, A1-A6 and A1-A5 respectively, and calculated length ratio data of A7-A8/ A1-A6 and A6-A8/A1-A5.
The data in Table 2 show that three representative species of orthophlebiids, with A6 longer than A7 or A8 for two species and A8 longer than A6 or A7 for one, have the least degree of elongation for A7 and A8 and the lowest length ratios of A7-A8/ A1-A6, 0.4 to 0.9. and A6-A8/A1-A5 range from 1.2 to ca. 2.0. For four species of extant panorpids, the A8 is slightly shorter than A7, but both A7 and A8 are significantly longer than A6. The length ratios of A7-A8/A1-A6 range from 1.0 to 1.8, while the ratios of A6-A8/A1-A5 range from 1.8 to 5.0. Especially, two specimens of L. filicauda have A7 and A8 extended significantly with A7-A8/A1-A6 ratios of 1.7 and 1.8 and A6-A8/A1-A5 ratios of 4.3 and 5.0 (the highest). As for holcorpids, the A8 is longer than A6 or A7, A6 is equal to or slightly shorter than A7 in contrast to F. paradoxa gen. et sp. nov. with A6 ca. one third of A7 in length. For holcorpids, the length ratios of A7-A8/A1-A6 range from 1.0 to 1.4 and A6-A8/A1-A5 ratios of 2.7 to 3.8. For F. paradoxa gen. et sp. nov., the length ratio of A7-A8/A1-A6 is 2.4 (the highest) and A6-A8/A1-A5 ratio is 4.7. For M. forcipata gen. et sp. nov., the length ratio of A7-A8/A1-A6 is 1.0 and A6-A8/A1-A5 ratio is 2.0, similar to those of H. dillhoffi and O. longicauda. This set of data clearly show that F. paradoxa gen. et sp. nov. has the most exaggeratedly elongate abdominal segments of A7-A8 but relatively short A6.
The scorpion-like terminalia with less exaggerated elongation of A6-A8 in typical extant Panorpa males, Fig. 3 , is known to be used for aggressive fighting between males and assisting mating and copulation with females [35, 36] . Thornhill [36] reported Panorpa males use three alternative mating tactics: presenting a dead arthropod to a female and allowing the female to feed in exchange for copulation is the most successful tactics, followed by presenting a salivary mass. The third and the least successful tactics is forced copulation without any nuptial food offerings. Males use large and muscular genitalia equipped with a genital bulb and a pair of sharp claspers to fight and to deter other males in the competition of available nuptial food. He also confirmed that large males have an advantage in male-male competition for arthropods by observation of interactions of males of known size around dead crickets in the enclosures [36] .
Conclusions
Most Mesozoic fossil male orthophlebiids [26, 32, 33] have similar scorpion-like terminalia in size and proportion to other body parts as those of typical extant Panorpa males. However, extinct holcorpids, some extant Leptopanorpa of panorpids and these two new genera have extremely long and extended terminal abdominal segments and enlarged male genitalia, especially in F. paradoxa gen. et sp. nov. with the highest ratio of A7-A8/A1-A6 at 2.4 and L. filicauda with highest ratio of A6-A8/A1-A5 at 5.0 as aforementioned. The sixth abdominal segment of F. paradoxa gen. et sp. nov. is covered by wings and the seventh and eighth abdominal segments curving upward with enlarged male organs (Figs. 2A, C) suggesting competitive and/or sexual display. The same posture has been reported for extant L. longicauda as resting position in Fig. 7 of [34] .
We propose a likely evolutionary scenario that the elongate terminal abdominal segments of F. paradoxa gen. et sp. nov. and M. forcipata gen. et sp. nov. acted as a symbol of large body size to intimidate competitive males and/or as a display to attract potential mates starting in (or before) the late Middle Jurassic. Judging by the thin and narrow tubular structure of A7 and A8 segments preserved on the fossils, these two new genera and holcorpids found in the Early and Late Eocene might not have had the robustness and power in these segments to engage fierce fighting with other males. For these insect taxa, a separate evolutionary pathway emphasizing ''form'' being more important than ''function'' resulted in such exaggerated terminalia. Extremely long terminal abdominal segments, on the other hand, might have hindered the survivability of individuals due to more visibility to predators and less mobility to evade attacks. It is interesting to note that the long period of their existence suggests that the sexual display and sexual selection due to extremely elongated male abdominal and sexual organs outweighed the negative impact of bulky body and poor mobility in the evolutionary process. This character of extremely elongate terminal abdominal segments is also present in some species of the extant Leptopanorpa of Panorpidae, which might have been resulted from an independent evolutionary convergence or a genetic trait passed on from a common ancestor of Panorpidae, Holcorpidae and these two new genera.
